The microwave spectrum of SiH381Br has been reanalysed in the frequency range 8-40 GHz under high resolution. From 64 observed hyperfine transitions improved values for the rotational constant B = 4292646.2(4) kHz and the quadrupole coupling constant eqQ = 279825(5) kHz were obtained. Furthermore the centrifugal distortion constants Dj -1.81(1) kHz and DJK = 29.19(4) kHz and the spin-rotation constants CN = -2.32(40) kHz and CK = -34.2(11) kHz were determined. From the values of CV and C'k the 81Br nuclear shielding tensor is calculated. An improved value of | n \ -1.319(8) D is given for the molecular electric dipole-moment.
Introduction
When we started an investigation of the mole cular Zeeman effect of SiH381Br, we realized that, although its rotational spectrum had been investi gated several tim es1, the transition frequencies have not been reported yet. To achieve higher accuracy in our Zeeman study, we therefore decided to re investigate the rotational spectrum of SiH381Br in the frequency range 8-40 GHz under high resolu tion. We observed all possible J J -f 1 transitions (64) with J = 0, 1 ,2 ,3 ; £" = 0 ,1 ,2 ,3 ; F -+ F + 1 and F -> F . With the high resolution obtained here, we were able to determine the centrifugal distor tion constants D j and D jk, as well as the two spin-rotation coupling constants Cjv and Ck , which were not known so far.
trometer of the Hughes-Wilson type3 described previously4)5. Phase stabilized BWO's as radiation sources and 33 kHz square wave Starkeffect modu lation were used throughout. An 8 metre double width X-band absorption cell6 was used to reduce the effect of wall-broadening and to provide a suffi ciently uniform Starkfield over the absorption volume. The sample pressure was about 0.5 mTorr and the cell temperature about -70 °C. The ob served halfintensity half linewidths were on the order of 30 kHz as can be seen from a recording of the J J ' = 0 1, K = 0, F -+ F ' = 3/2 -> 3/2 transition shown in Figure 1 . This can be compared with a Gaussian-and Lorentzian lineshape function. Linebroadening is produced by the effects of:
Experimental
Silylbromide was prepared by reaction of Hydrogenbromide with Phenylsilane at -78 °C 2. Because SiHaBr readily reacts with water to form Disiloxane ((SiHs)20) and Hydrogenbromide, great care had to be taken to remove traces of water adsorbed at the walls of the waveguide cell. Despite these pre cautions, once admitted to the cell the sample decayed in the course of an hour.
So the cell was refilled about every 30 minutes. The spectra were recorded with a microwave specReprint requests to Prof. Dr. D. Sutter, Institut für Physikalische Chemie der Universität Kiel, Abteilung Chemische Physik, Olshausenstraße 40-60, D-2300 Kiel. i _________________ | _________________ i " ~ L orent z 8641.300 8641.400 8641.500 M H z Fig. 1 . High resolution recording of the J -» J ' = 0 -> 1, F F' = 3/2 -> 3/2, K = 0 rotational transition of SiH381Br. From a comparison between the experimental recording (upper trace), the Gaussian lineshape function calculated with a halfintensity halflinewidth (hhw) of 30 kHz (lower unbroken line) and the Lorentzian lineshape function calculated with a hhw of 25 kHz (lower broken line) it is seen, that the first type reproduces the observed lineform much better, than the second. Dopplerbroadening, which can be calculated to be 2 (Av)t> = 8 kHz, wall broadening, which is approx imately 2(zlv)w = 30 kHz, pressure broadening 2(Av)v -10 kHz and modulation broadening. Of these four effects, the first one is reproduced by a Gaussian-and the following two by a Lorentzian lineshape function. The effect of modulation broad ening can not be described by any simple function. From Fig. 1 is seen, that the observed lineshape is reproduced by a Gaussian type of lineshape function very well. We therefore used this type of lineshape function to analyse the lineform of two unresolved transitions shown in Figure 2 . Figure 2 observed and calculated lineform of the J -+ J ' = 1 ->2, K = 0, F^F ' = 3/2->5/2 and 5/2->7/2 tran sitions, which are 36 kHz apart. With the experi mental halfintensity halflinewidth of 30 kHz these lines wT ould begin to appear separated, if they were of equal intensity. Nevertheless it can be seen from the plot of obs-calc in the lower part of Fig. 2 , that the splitting is determined to better than 5 kHz.
Theory
For the vibrational groundstate the energy levels of the effective rotational Hamiltonian may be approximated a s :
The Eqs. (la) and (lb) represent the rotational energy including centrifugal distortion up to the fourth order7. Equation (lc) gives the quadrupole interaction energy up to the third order8-9' 10. F (/,j,f) is Casimir's function. The contribution from the second order term is quite important, giving rise to line-shifts up to 500 kHz, whereas the third order term only gives rise to lineshifts below 2 kHz and has been neglected. Equation (Id) gives the spin-rotation interaction term, resulting from the magnetic coupling of the quadrupole nucleus to the rotating molecule8-9' 11. Ck is the principal value of the coupling along the symmetry axis and Cjv is the principal value normal to this axis. The contribution from this spin-rotation interaction term to the observed line frequencies is up to 90 kHz for SiH381Br. IFss is the iH -^B r spin-spin inter action term 8-9, which would lead to a further splitting of the observed lines, if it were important. Since this is not observed, this term can be neglected. Houghen12 showed, that if centrifugal distortion is important, the quadrupole coupling "constant" used in Eq. (lc) is no longer constant for all rota tional states, but has to be expanded in the form eqQ = Xo + XJJ (J + 1) + X*K 2 and the extra term ^d K *(4K *~ 1) (I,J,F)
has J ( J + 1 ) to be added. These new centrifugal distortion con stants are very small and if included in the fit, their uncertainties become bigger than their values. (XJ> Xk and Xd are calculated to be XJ = -0.9 ± 0.8kHz, xk = 2.8 ± 3.8 kHz, Xd = ~ 1.8 ± 1.6kHz).
In the final fit they were set to zero. The molecular constants, which were obtained from a least squares fit to the observed spectrum, are listed in Table 2 . The Molecular Electric Dipolemoment
The molecular Starkeffect has been measured for the transitions J -> J ' = 0-»1, F -> F ' = 3/2->3/2 and 3/2 5/2 with K = 0, AK = 0 and AMF = 0. Because the zerofield hyperfine splittings (see Table 1 ) are much bigger than the Starksplittings (see Table 4 ) the formula given by Fano13 for the weak field case was used to determine the dipolemoment from the observed Starkshifts. From the last column of Table 4 it is seen, that this works quite well except for the transition J ->«/' = 0 -> l, F -> F ' = 3/2 ->5/2, K = 0, MF = ± 3/2 where the The observed spin rotation coupling constants Ck and Cn (see Table 2 ) may be used to predict values for the hitherto unknown elements of the nuclear magnetic shielding tensor for the 81Br nucleus in H3Si81Br, i.e. for <7||Br and crx BrFor the convenience of the reader we briefly recall the underlying theory. Within the phaenomenological rotational Hamiltonian the presence of a nuclear magnetic moment at the &-th nucleus leads to the following contribution *: 
Comparison with Eq. (l.d) shows that Ck is equivalent to M\\jh and that Cn is equivalent to M Jh. For the prediction of the shielding tensor from the measured M\\ and M ± values one needs the theo retical expressions for the M and a tensor elements. Within the rigid rotor model these are given by 17' 18: * We note that our choice of sign for the spin rotation tensor is consistent with that in Ref.11 whereas the opposite sign is used in Refs. 8, 9 and 17. From the known structure1 and the measured M\\-and J f x-values it is thus possible to calculate the perturbation sum in Eq. (7) which leads to the value of cr(p> in Equation (6) . The diamagnetic con tribution (T(a) which involves the average over the spatial electron distribution in the electronic ground state, may in principle be calculated from the knowledge of the ground state molecular wavefunctions. Instead we will use the empirical ap proach by the atom dipole approximation proposed by Gierke and where the necessary parameters ä^ak and (Q2) are taken from R e f . Tables X III and XIV. In Eq. (8) the first and most important term is the free atom contribution =3121 ppm). The second term is the contribution of the electrons assigned to the different atoms in the molecule if they were re placed by point charges at the positions of the nuclei. The third term, called "quadrupole term", arises because the electronic charge distribution on the i>-th nucleus is not a point charge but is spatially extended. For a^^ its contribution is only 4 ppm. The "dipole term" (part III in Eq. (14) of Ref. 19) wras neglected because no <g>-values for Si are available at present. Since in general the dipole contributions are found to be quite small (less than a few ppm), its neglect appears to be tolerable. In Table 3 we have listed the thus predicted dia magnetic, paramagnetic and average nuclear shielding tensor elements.
In a subsequent paper on the molecular rotational Zeeman effect of H3Si81Br we shall compare the values of the nuclear magnetic shielding tensor as determined there with those predicted here.
Discussion
From the value of Cn = -13.2 kHz given for CH381B r20 it is possible to calculate the paramagne tic contribution to the nuclear shielding tensor of CH381Br. Using Eq. (8) we calculate <r<?» = -882 ppm. It is now realized that <t(J5) is more than twice as big for CH3Br than for SiH3Br. Since both molecules have a similar structure: r(C-Br) = 1.939 A 21, r(Si-Br) = 2.210 A 1, this might be explained by an increase in the aver age electronic excitation energy in going from CH3Br to SiHaBr. In a recent study of the vacuum UV-spectrum of SiHaBr it has indeed been observed that the first electronic absorptions of SiHßBr are higher in energy than the corresponding transitions in CH^Br22. The authors explain this by &n -p n (Si-Br) interactions. Since these interactions are withdrawing electrons from the Br-nucleus towards the Si-atom, the matrix elements in the numerator of Eq. (6), which are weighted by the cubic inverse of the electron's distance from the Br-nucleus, are likely to become smaller again reducing the value of cr(z'). Our results thus are in line with the idea of dyr -p n (Si-Br) bonding as it is proposed to ex plain the Si-Hal bond distances23, UV-spectrum of SiHßBr22 and 81Br quadrupole coupling constant26. These results contradict the results of CNDO/2 calculations and photoelectron spectroscopic data 25, which show no evidence of &n -p n (Si-Br)-bonding.
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